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!;-j.We, Texas Guxf Sulphur : Company, a 
corporation .organised under: the laws" of the 
State of Texas,- United States of America, .of 
•75 -'East 45th Street, New York 17, State of 
New York, United States of America, do 
hereby declare the invention for w hich we 
pray that a^paient may be gi anted LO Uii, aiiQ 
tEe^ethod by which it is to be performed to 
be .particularly described in and by the 
following statement: — 

■/This invention relates to the decomposition 
of suMde-containing minerals, and particularly 
to the 1 interaction of sulfide-containing 
mmeralswith a cMorinating agent such as free 
chlorine or available chlorine in chlorine com- 
pounds, so as to produce sulfur and metal 
chlorides, the latter being thereafter treated 
and recovered as desired by methods known 
in the art. One of the objects of the invention 
20 is to provide an improved process for extract- 
ing sulfur from sulfide-containing minerals. A 
further object of the invention is to decompose 
such minerals by means of their reaction with 
chlorine, either "elemental or in easily decom- 
posable chlorine compounds, in such a way as 
to. render available for recovery the sulfur 
and the corresponding metal chlorides in a 
manner which obviates the . disadvantages 
inherent in prior art processes. 

The reactions K ^^^ n rn^} ^firl^ and 
chlorine have long been known, and in fact 
proposals have been made to utilize these reac- 
tions as a means of decomposing the sulfide 
minerals to produce sulfur and metal 
chlorides. Since in such processes an essential 
step is the removal of sulfur formed in the 
reaction, some prior art processes have 
involved operations at temperatures above the 
distillation range of sulfur or under such lower 
temperature conditions as would nevertheless 
permit of volatilization of the sulfur substan- 
tially as quickly as it is formed- Such pro- 
cesses, however, have not been successful in 
practice. The reasons for their failure have 
45 been manifold, but two important reasons 
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were the difficulties in provid 
capable of withstanding the 
and of its by-products under the conditions 
and . also the fact that the ferrous chloride 
formed interfered with the complete reaction 
of the ore with the chlorine. 

It has been found that by operating at a 
relatively low temperature, i.e. between 100° 
and 440° C. we can achieve rapid and econo- 
mical reaction of the mineral sulfides together 
with adequate removal of products and by- 
products from the surface of the sulfide par- 
ticles, provided that the operation is carried 
our in "the presence of a considerable volume 
of liquid, as more fully described below. 

Among the sulfide-containing minerals 
which lend themselves to treatment by the 
novel process of the invention ate the sulfides 
of iron, such as pyrites and pyrrhotite. How- 
ever, nonferrous metal sulfides can also be 
treated by the process of the invention, as 
well as iron sulfides containing non-ferrous 
metal sulfides and mixtures of iron and non- 
ferrous metal sulfides. 

As a source of chlorine, there may be used 
any chlorinating agent, such as free chlorine, 
sulfur chlorides, or ferric chloride. 

Operation may be at atmospheric or super- 
atmospheric pressures, and although sub- 
atmospheric pressure operation is not pre- 
cluded, it has not been found to be 
advantageous. 

The general process of the dec omposition^ 
of Irnrr — sulfides ' — wMi — chlorine depends 
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reactions : 
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mainly upon the following 
">eS ? + a, = heU 2 + 2^ and ~FeS + CL = ^ 
' FeCk-hS., from which it will he observed that ^ 
ferrous chloride and snjfur are for m ecL These 
will naturally both be produced" on the surface 
of the sulfide which comes in contact with the 85 
chlorine. At temperatures in the range of the 
invention the sulfur will be present as a liquid 
and the ferrous chloride as a solid. The den- 
sity of ferrous chloride is considerably lower 
than that of the metal sulfides and it will tend 90 
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to envelop the sulfide particles and to shield 
them from further decomposition. At the same 
time the sulfur produced in the reaction 
further tends to shield the particles. 

It has been found that when the reaction is 
carried out in the presence of liquids having 
the properties described below the stated dis- 
advantages are overcome. Numerous inorganic 
and organic liquids are suitable for the pur- 
pose of the invention provided that they dis- 
solve the chlorinating agent used, or chlorine 
liberated therefrom, preferably without reac- 
tion. However, a liquid medium that reacts 
with the chlorinating agent is satisfactory pro- 
vided that excessive amounts of acids or other 
unwanted by-products are not formed and 
that the reaction is either readily reversible or 
yields a product which itself will chlorinate 
the metal sulfide. 

^Examples of inorganic substances which are 
jreactive with chlorine and which m ay be used 
_Jh the process of the invention are sulfur ancT~ 
the various sulfur chlorides. _ ~ * 

Sinre the* primary fnnrrinn ^rVi g added 

^liquid in the process is to remove from the 
surface of the meta l sulfide the sulfur and 
qnetal chlorides formed in the reaction, it is 
necessary that the liquid be present in con- 
siderable amounts relative to the sulfides. We 
have found that from 2 to 10 times as much 
liquid by weight as metal sulfide is effective. 
It is also essential jhat good agitation u be_prp r 
vided so that the washing action of the liquid 
will be fully utilized. 

When sulfur is used as such a liquid, some 
of the chlorine may react with the sulfur to 
form sulfur chlorides. However, this does not 
interfere with the overall operation of the 
process because sulfur chlorides in turn react 
with iron sulfides according to the 
reactions : — 

FeS 3 + S s CL=FeClj + 4S 
FeS + S 2 Cl 2 =FeCl 2 + 3S 
Moreove r, as is w ell known., rhe rfiarHon 
between sulfur and chlorine to form sulfur 
chlorides is reversible, and ar rhe higher tem- 
peratures within the range of the inventio n 
-the equilibrium is in the direction of the el e- 
ments instead of the compound. H owever, the 
precise manner in which the reactions occur 
is not critical. 

The annexed drawing shows, in now-dia- 

gr^rn fnrm 3 nn.fr embodim ent nf rhp_ jnvpnnnn 1 

which sulfur is used as the liquidj and ele- 
ntai cnionne as the primary chlorinating • 
;ent. 

In carrying out the invention by the process 
illustrated in the drawing, finely ground sul- 
fide mineral, such as iron sulfide, suitably 
dried by means known in 
into a bulk or stream 
shown in the diagram, tr Rroulnao pay 
duced through line 1, the chlotine through 
line 2, and the sulfur through lW ? into a 
reaction vessel 4 which is provided with 
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mixers, propellers, circulating pumps, or other 
efficient agitating means. As set forth above, 
from 2 to 10 parts by weight of sulfur are 
present for each part of sulfide. In Stage 1 the 
chlorine is preferably present in less than * 
stoichiometric proportions, the reaction being 
completed i n Stage 2. Products leav ing reactor 
4_jhiriHgh liqe_ j includ e a suspension otmetaT 
T ckleHde^ together with unreacted sulnde, in 
sulfur. These products pass into a settler or * 
thickener 6 in which a major part of tbe^iiaui3~^> 
■-sulft^Is separated from the solid metal 
chloride. Depending on the ratio of chlorine 
and sulfides used in Stage 1, the sulfur may. 
contain more or less of the sulfur chlorides J 
formed by the reaction between sulfur and 
chlorine. However, we prefer to operate with 
an excess of sulfides in Stage 1, so that any 
sulfur chlorides present will be completely 
reacted. The amount of sulfur drawn off 8 
setder 6 through line 7 will be approximately 
the amount produced by the reaction, the bulk 
of the sulfur in the system being recycled. The 
bottoms from setder 6, which include metal 
chlorides, unreacted sulfide and sulfur, /are 9 
passed through line 8 into a second stage 
reaction vessel 9. In reactor 9 the sulfides 
remaining unreacted in Stage 1 are further 
chlorinated in the presence of an excess of 
the liquid sulfur so as to completely decom- 9: 
pose the sulfide chlorine being fed -through 
line _10.._Under _these._ conditions, where -sulfur 
is the liquid, it may not be possible to pre- 
vent the formation of some sulfur chlorides 
which will remain in solution in the sulfur. 10 
However, after passing through line 11 into 
settler 12 the sulfur containing sulfur chloride 
impurities is recycled, in part to reactor 9 and 
in part to reactor 4 where it comes in contact 
with fresh sulfides under such conditions as 1C 
regards temperature, ratio of reactants and the 
like as to be freed from sulfur chloride. 

Ferrous chloride is removed from setder 
12 in solid form along with nonferrous metal 
chlorides formed from nonferrous metal sul- 11 
fides admixed with or present in the iron sul- 
fide. The ferrous chloride may be converted 
to ferric chloride by methods known in the 
art or may be heated with air or oxygen to 
convert it into ferric oxide with liberation of 11 
chlorine which is then recycled to the reactor 
of Stage 2 through line 10 with such make-up 
chlorine as is necessary. 

Another alternative, which is preferred is to 
j£gc£the mixture of ferT ous ihluiidc ai loTsuP 12 
fur which is derived from the main process 
with ferric chloride, thereby releasing sulfur 
chlorides and producing ferrous chloride. The 
ferrous chloride, after separation of any excess 
sulfur, is oxidized by air or oxygen to form 12 
the ferric chloride used in the first step 
together with an amount of iron oxide corres- 
ponding to the iron content of the ferrous 
chloride contained in the ferrous chloride- 
sulfur mixture. The ferrous chloride-sulfur 13< 
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mixture used in the reaction with ferric 
chloride should carry about 35 % of sulfur and 
often will contain as much as 50% of sulfur 
by weight. The sulfur chlorides produced may 

5 be passed directly to the main process, to 
function as a chlorinating agent, or recovered 
for further utilization as a chlorinating agent 
or otherwise as desired. A cyclic flow of iron 
chloride is provided, in which the iron changes 

10 from the ferric to the ferrous condition and 
back again, while ferrous chloride from the 
main reaction is essentially converted to ferric 
oxide. 

When liquids other than sulfur are used, 
15 the flow will, of course, be modified as neces- 
sary to separate the sulfur formed. The nature 
of the modification will depend upon the 
characteristics of the liquid. 

Following are examples of the process as 
20 carried out on a laboratory scale using sulfur 

as the liquid : — 

Example 1. 
A mixture of 100 pounds of pyritejat minus 
200 mesh (U.S. standard) was*^ suspended in 
25 500 pounds of molten sulfur. The tempera- 
ture of the mass was raised to 349° C. and 
chlorine gas was passed into the mixture at a 
rate of 20 pounds per hour. At the end of 2i 
hours 98.1% of the metal sulfide content of 
30 the pyrite had been decomposed, the tem- 
perature having meantime risen to 390° C. 

Example 2. 
One hundred pounds of pyrite, together 
with 385 pounds of sulfur were treated with 
35 sulfur chloride in a reaction vessel fitted with 
a stirrer. The temperature was raised initially 
to 340° Q and the addition of sulfur chloride 
was spread over three hours. Ninety-six per 
cent of the metallic content of the pyrite was 
40 converted. 

Example 3. 
One part of pyrite, 10 parts of sulfur and 
1 part of sulfur dichloride were heated in a 
sealed tube at 360° C. for one hour 95% of 
45 the iron content of the pyrites was converted 
to ferrous chloride. 

>T WE CLAIM IS: — 
l^iC process of decomposing metal sul- 
rides to obtain sulfur and a metal chloride 
which comprises reacting a metal sulfide with 
a chlorinating agent at a temperature between 
100 and 440° C in the presence of from 2 to 
10 parts by weight for each part of said metal 
sulfide of <a^quia^Vhich is a solvent for said 




chlorinating agent whereby said liquid effects 55 
removal of reaction products from the surfaces 
of the said sulfide and affords access of the 
chlorinating agent to said surfaces. 

2. A process according to Claim 1, in which 

the chlorinating agent is chlorine^ 60 

3. A process according to Claim 1 3 in which 
the chlorinating agent is ferric chloride. 

4. A process according to Claim 1, in which 
the chlorinating agent is a chloride of sulfur. 

5. A process according to any one of the 65 
preceding claims, in which the liquid solvent 
is liquid sulfur. 

6. A process according to any one of the 
preceding claims, in which the metal sulfide is 
iron sulfide. 70 

7. A process according to any one of the 
preceding claims, in which the metal sulfide 
is suspended in the liquid in finely ground 
form, the chlorinating agent is passed into the 
suspension thereby converting the metal sul- 75 
fide into sulfur and a metal chloride. 

8. A process according to Claims 6 and 7 
which includes reacting the ferrous chloride 
and sulfur mixture with ferric chloride to pro- 
duce further ferrous chloride, and sulfur 80 
chlorides, removing sulfur chlorides and 
separating excess sulfur and oxidizing the 
ferrous chloride to form ferric chloride which 

is recycled, and iron oxide, which is recovered. 

9. A process according to Claim 7 3 which 85 
comprises commingling "the metal sulfide " in 
finely divided form with the liquid, agitating 

the resulting mixture, continuously adding a 
chlorinating agent to said mixture in a reac- 
tion zone, continuously withdrawing a suspen- 90 
sion comprising reaction products from said 
zone, and separating solids comprising metal 
chloride from said suspension. 

10. A process according to Claim 9, which 
includes continuously separating sulfur sub- 95 
stantially in the amounts formed in the reac- 
tion from the suspension. 

11. A process according to Claim 10 which 
includes returning at least part of the liquid 
separated from the suspension to the reaction 100 
zone. 

12. A process of decomposing metal sulfides 
to obtain sulfur and a metal chloride substan- 
tially as hereinbefore described and as illu- 
strated in the accompanying drawing. 105 

STEVENS, LANGNER, PARRY & 
ROLLINSON, 
Chartered Patent Agents, 
Agents for the Applicants. 
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